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"Device for continuously measuring deformations in a tyre during the 
travel movement of a motor vehicle " 



The present invention relates to a device for continuously 
measuring deformations in a tyre during the travel movement of a 

Duri fiy me Lrdver hiav e ment of a rn otorvehicle, if the operating 
conditions of a tyre are known, it is possible to perform operations 
for controlling and adjusting the behaviour of the motor vehicle. In 
particular, it is useful to know whether there is skidding or no 
skidding of the tyre, the variation in the amount of grip available 
compared to a reference condition, the variation in the forces 
exchanged between tyre and road, so as to activate, for example, 
devices for preventing locking during braking (anti-skid or ABS 
devices), devices for preventing skidding during acceleration, active 
suspension systems, etc. 

A device for controlling the behaviour of the tyre is described in 
European patent application No. 99830714.4 filed on 18 November 
1999 in the name of the same Applicants. 

This device comprises one or more sensors which are situated at 
prechosen points on a tyre during its roiling travel and are capable of 
emitting signals indicating the spatial position assumed by these 
points. The signals for the position of a point on the tyre are used to 
determine the cyclical displacement thereof, namely the 
displacement pattern of the point during each revolution of the tyre, 
and from the latter the cyclical pattern of the speed is determined. 
Depending on the situation to be controlled, the longitudinal 
displacement (direction of forward travel of the tyre), transverse or 
lateral displacement (perpendicular to the direction of forward 
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travel), vertical displacement of the point and the associated speed 
are taken into consideration. 

The device performs a comparison between the cyclical pattern of 
the speed of the point detected during the i-th revolution and a 
5 cyclical pattern of a reference speed, in particular that detected 
during the i-th-1 revolution, i.e. immediately beforehand, and 
provides a signal indicating the instantaneous behaviour of the tyre. 
The sen s^g^se^injh i s^ with the tyre. 

(ji . ^^TOsiTOw^ even better results 

10 using a device comprising at least one sensor located on a rim on 
which the tyre is mounted. 

A first aspect of the invention relates to a device for continuously 
measuring deformations in a tyre, which is mounted on a rim, during 
the travel movement of a motor vehicle, characterized in that it 

15 comprises at least one first emitter of a first direct light beam, at least 
one first optical sensor of the luminous intensity and at least one first 
reflecting element applied to a first portion of an inner surface of said 
tyre, said first emitter being mounted on said rim and being capable 
of sending said first direct light beam towards said first reflecting 

20 element, said first optical sensor also being mounted on said rim and 
being capable of receiving a first reflected light beam from said first 
reflecting element, measuring a first prechosen physical parameter 
associated with said first reflected light beam and providing a signal 
representing the deformation affecting said tyre along said first 

25 surface portion during one revolution of said tyre. 

Advantageously, said first prechosen physical parameter consists 
of the luminous intensity of said first reflected light beam. 

Preferably, said device also comprises a second emitter of a 
second direct light beam, a second optical sensor of the luminous 

30 intensity and a second reflecting element applied to a second portion 
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of the said inner surface of said tyre, situated in the vicinity of said 
first surface portion, said second emitter being mounted on said rim 
and being capable of sending said second direct light beam towards 
said second reflecting element, said second optical sensor also 
being mounted on said rim and being capable of receiving a second 
reflected light beam from said second reflecting element, measuring 
a second prechosen physical parameter associated with said second 
reflected light beam and providing a signal representing the variation 
in distance which has occurred between said second surface portion 
and said rim during one revolution of said tyre. 

According to one embodiment, said second prechosen physical 
parameter consists of the luminous intensity of said second reflected 
light beam. 

According to a variant, said second prechosen physical parameter 
consists of the time which lapses between sending of said second 
direct light beam and receiving of said second reflected light beam, 
said second direct light beam having a given wavelength. 
Advantageously, said first and second optical sensors are 
operationally connected to processor means capable of determining, 
by means of said deformation signal, a signal representing the 
displacement of at least one point on said first surface portion in a 
predetermined direction, correcting said displacement signal 
depending on said variation-in-distance signal and providing an 
output signal for displacement of said at least one point in said 
predetermined direction, independent of said variation in distance. 
Preferably, said processor means are capable of providing, by 
means of said variation-in-distance signal, a measurement of the 
vertical compression of said tyre. 

A second aspect of the invention relates to a motor vehicle wheel, 
comprising a tyre mounted on a rim, characterized in that rt 
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comprises, in turn, a device for continuously measuring deformations 
In said tyre during the travel movement of said motor vehicle, said 
device comprising at least one first emitter of a first direct light beam, 
at least one first optical sensor of the luminous intensity and at least 
5 one first reflecting element applied to a first portion of an inner 

surface of said tyre, said first emitter being mounted on said rim and 
being capable of sending said first direct light beam towards said 
first reflecting element, said first optical sensor also being mounted 
on said rim and being capable of receiving a first reflected light 
1 0 beam from said first reflecting element, measuring a first prechosen 
physical parameter associated with said first reflected light beam 
and providing a first signal representing the deformation affecting 
said tyre along said first surface portion during one revolution of said 
tyre. 

15 Preferably, said device of said wheel also comprises a second 

emitter of a second direct light beam, a second optical sensor of the 
luminous intensity and a second reflecting element applied to a 
second portion of said inner surface of said tyre, situated in the 
vicinity of said first surface portion, said second emitter being 

20 mounted on said rim and being capable of sending said second light 
beam towards said second reflecting element, said second optical 
sensor also being mounted on said rim and being capable of 
receiving a second reflected light beam from said second reflecting 
element, measuring a second prechosen physical parameter 

25 associated with said second reflected light beam and providing a 
second signal representing the variation in distance which has 
occurred between said second surface portion and said rim during 
one revolution of said tyre. 

The device according to the invention has the advantage that it is 

30 . safe and reliable. 
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Characteristic features and advantages of the invention will now 
be described with reference to an embodiment shown by way of a 
non-Iirpiting example in the accompanying figures in which: 
FigTl is a cross-sectional view of a device for continuously 
measuring deformations in a tyre for a motor vehicle, constructed in 
accordance with the invention; 

Fig. 2 is a front view of a reflecting element applied to an inner 
surface of the tyre according to Fig. 1 and a light spot associated 
therewith^ 



1 0 Fig: 3 shows the reflecting element according to Fig. 2 in the 

undeformed and deformed condition; 

/X 

Fig./4 shows a variant of the reflecting element according to Fig. 2; 



/ X / 

■ig. 5/Shows a variant ofth^ 

Figs; 6, 7, 8 and 9 are graphs which show the pattern of 



Fig. S/Sho^s a variant ofthe device according to Fig. 1 ; 
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s.Q,/, 8 and9arfeg 
1 5 displacements affecting a point on the surface portion of the tyre 



according to Fig. 1 , to which the reflecting element according to Fig. 
Fig. 1 shows a tyre 1 for a motor vehicle, having a carcass 2 and 



a tread 3. The carcass 2 has, applied to it. a liner 6 which has an 
20 inner surface 4. The tyre 1 is mounted on a rim 5. The tyre 1 has, 
associated with it, a device 20 for measuring deformations, 
comprising an emitter 7 of a direct light beam 8 and an optical 
sensor 9 of the luminous intensity. The emitter 7 and the sensor 9 
are fixed to the rim 5 and are operationally connected to the tyre 1 . 
25 A reflecting element 13, which is for example white-coloured and 

in the form of an arrow (Fig. 2) or a rectangular strip 113 (Fig. 4) or a 
small disk, is applied onto a portion 21 of the inner surface 4 of the 
tyre 1, which is normally black-coloured. The reflecting element 13 is 
obtained, for example, by means of colouring using colouring 
30 materials having an elastic modulus similar to that of the liner 6 so 
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as to prevent the occurrence of surface tension which could falsify 
the results of the measurements. 

The emitter 7 and the sensor 9 are located opposite the reflecting 
element 13. This relative position is maintained in any rolling 
5 condition of the tyre and at any speed. 

The emitter 7 emits a light beam 8 of known intensity which strikes 
the reflecting element 13. The optical sensor 9 measures the 
luminous intensity of the light beam reflected by the reflecting 
element 1 3 and emits a signal (radio waves) which is transmitted 

10 remotely to a processor, represented by a block 15. The luminous 
intensity of the reflected light beam may be associated with a 
wavelength, namely with a colour or with a wavelength band. In the 
first case, the sensor 9 is of the photochromatic type and the 
reflecting element 13 has a colour different from that of the liner. In 

15 the second case, the reflecting element 13 has a reflecting capacity 
which is greater than that of the surface 4. 

The sensor 9 has a well-defined spot 16 (Fig. 2). "Spot" is 
understood as meaning the area of the surface 4 over which the 
sensor is able to perform its analysis. The spot has an area lying in a 

20 range of from 15 mm^ to 1600 mm^. The reflecting element 13 is 
positioned in the spot zone and the sensor 9 emits a signal 
proportional to the ratio between the reflecting element 13 and the 
total area of the spot 16. 

In other words, the sensor 9 is able to analyse the colour situation 

25 on the spot surface and detect which proportion is black and which 

proportion consists of the colour prechosen for the reflecting element 
13, for example white. 

In the case where the spot has an area of 1 00 mm^ and if the 
white surface area of the reflecting element is equal to 35 mm^, the 

30 sensor 9 emits a proportional analog signal 35/100ths of its scale 
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limit value. If the scale limit value is 10 Volts (equivalent to a 100% 
white area with no black), the sensor emits a signal of 3.6 Volts, 

The intensity of the reflected beam measured by the sensor 9 
depends on the deformation of the surface portion 4 to which the 
5 reflecting element 13 is applied. 

During each revolution of. the tyre 1 , the surface portion 4 on 
which the reflecting element 1 3 is located comes into contact with 
the ground and is compressed. The reflecting element 13 is 
deformed and its arrow or rectangular strip shape is cyclically 
10 modified, becoming broader or smaller, depending on the stress and 
deformation condition of the surface portion 4 lying within the spot 
16 and located opposite the sensor 9. Fig. 3 shows the deformation 
13a of the arrow-shaped reflecting element 13 when the tyre 1 is in a 
braking condition. 

15 During rolling of the tyre, the ratio between the area of the black 

part and the area of the reflecting part (white) is modified in the 
surface portion 4 lying within the spot 16 of the sensor 9. This 
variation in the white/black ratio is detected by the optical sensor 9 
which emits a signal which is variable over time. The cyclical signal 

20 of the white/black ratio is calculated in the processor 15 and, from 

this signal, on the basis of the known dimensions of the arrow or the 
rectangular strip of the reflecting element 13, another cyclical signal 
is obtained, said signal representing the pattern, over time, of the 
longitudinal and transverse (lateral) displacement of a point or of 

25 prechosen points forming part of the area of the reflecting element 
1 3 which is cyclically deformed. 

Fig. 5 shows a device 120 which is a variant of the device 20 
shown in Fig. 1 and identical parts are indicated by the same 
numbers. 
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The device 120 comprises, in addition to the emitter 7 and the 
sensor 9, an emitter 10 of a light beam 1 1 and an optical sensor 12. 
The sensor 1 2 may be either of the type able to measure the 
luminous intensity or of the type able to measure the time lapsing 
5 between emission and reception of the light beam, at a given 

wavelength of the emitted beam. The emitter 10 and the sensor 12 
are also fixed to the rim 5 and are operationally connected to the 
tyre 1 . 

A portion 22 of the inner surface 4 of the tyre 1 has, applied to it. 

10 a reflecting element 14 having an ellipsoidal shape or any other 

suitable shape. The reflecting element 14 has a structure similar to 
that of the reflecting element 13. The emitter 10 and the sensor 12 
are located opposite the reflecting element 14. This relative position 
is maintained in any rolling condition of the tyre and at any speed. 

15 The sensor 12. in the same way as the sensor 9, emits a signal 
(radio waves) which is transmitted remotely to the processor 15. 
The emitters 7 and 1 0 emit light beams 8 and 1 1 , respectively, which 
are of known intensity and wavelength and which strike the reflecting 
element 1 3 and the reflecting element 1 4, respectively. The optical 

20 sensor 9 measures the luminous intensity of the reflected light beam, 
while the sensor 12 is able to measure either luminous intensity of 
the reflected light beam or the time lapsing between emission and 
reception of the light beam on the basis of the known wavelength. In 
this way. the sensor 12 measures the vertical distance present 

25 between reflecting element 14 and rim 5, In fact, when this distance 
varies, the inclination of the transmitted light beam and therefore the 
intensity of the reflected light beam received by the sensor 12 
changes. 

In the device 120, the longitudinal and transverse displacement 
30 signals measured by the sensor 9 are corrected by means of the 
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signals emitted by the sensor 1 2 so as to take account of the fact 
that the dimensions of the spot analysed by the sensor 9 vary 
cyclically with the distance from the rim 5 owing to the compression 
which the tyre undergoes when entering into the area of contact with 
5 the ground and then leaving it. The distance varies between a value 
equal to the free radius of inflation and a value equal to the smaller 
free radius of compression. 

The sensor 12 measures the intensity of the light beam reflected 
by the reflecting element 14, which varies depending on the distance 

10 travelled, and emits a signal representing the variation in distance. 
Alternatively, the sensor 12 measures the time lapsing between 
emission and reception and, on the basis of the known wavelength 
of the light beam, determines the variation in distance. The 
processor 15 uses the signal in order to update automatically and 

1 5 continuously the calibration setting of the sensor 9 and to determine 
the dimensions of the spot of the sensor 9, taking into account the 
variations in the abovementioned distance. 

As a result, it is possible to obtain a correct measurement of the 
longitudinal and transverse displacements of the points considered 

20 on the surface 4, irrespective of the variation in the abovementioned 
distance. 

In the case where the sensor 9 emits a signal which is not 
influenced by the variation in distance between reflecting element 
and rim, it is advantageous to use the device 20 shown in Fig. 1 . 
25 Figs. 6, 7, 8 and 9 show the results obtained with the device 

according to the invention on a tyre of size 195/65 R15 and having 
an inflation pressure of 2 bar, a vertical load of 1 50 kg and a speed 
of 30 km/h. 
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Fig. 6 shows the pattern of the longitudinal displacements (mm), 
over time (sec), of a point on the liner, during free rolling conditions, 
in the zone of contact with the ground. 

Fig. 7 shows the pattern of the longitudinal displacements (mm), 
5 over time (sec), of a point on the liner, during braking conditions, in 
the zone of contact with the ground. The braking manoeuvre was 
performed with a longitudinal force of 280 kg and skidding slip of 
10%. 

Fig. 8 shows the pattern of the lateral displacements (mm), over 

10 time (sec), of a point on the liner, during free rolling conditions, in 
the zone of contact with the ground, with a slip angle of 6 degrees. 

Fig. 9 shows the pattern of the lateral displacements (mm), over 
time (sec), of a point on the liner, during free rolling conditions, with 
a slip angle of 0 degrees. 

15 The signal for the variation in distance is also used in the 

processor 1 5 to provide a measurement of the vertical compression 
of the tyre. By monitoring the four tyres of the motor vehicle it is 
possible to determine the type of manoeuvre in progress. 
The vertical compression of the tyres which are situated on the right- 

20 hand side or on the left-hand side of the motor vehicle provides 
information as to the type of bend, i.e. a right-hand or left-hand 
bend, which the vehicle is negotiating. 

When the vehicle is travelling around a left-hand bend, a transfer 
of load takes place from the wheels situated on the left-hand side 

25 (on the inside of the bend) to the wheels situated on the right-hand 
side (on the outside of the bend). The tyres situated on the right- 
hand side tend to be compressed more, compared to travel in a 
straight line, while the left-hand tyres tend to be compressed less. 
Similarly, during braking, there is a transfer of load from the rear 

30 wheels to the front wheels. The vertical compression of the front 
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tyres increases, compared to travel in a straight line. Conversely, 
during acceleration, the front wheels tend to be relieved of the load 
\A^j|e the rear wheels are subject to a greater load. Therefore, the 
vertical compression of the rear tyres increases compared to travel 
5 in a straight line. 

The processor 1 5, by means of the abovementioned 
measurement of the variation in distance, determines the current 
vertical compression of the four tyres of the motor vehicle and 
compares it with the compression detected during travel in a straight 
10 line and when no manoeuvres are performed, so as to provide 
information as to the type of bend or the type of manoeuvre in 
progress. 



